Abstract
Methods
The study was carried out between April 2013 and November 2015 at Poznan University of Medical Sciences, Department of Otolaryngology, Poland. Rigid endoscopy with conventional white light (WL) and NBI (CV-260SL processor and CLV-260SL light source, Olympus Optical Co. Ltd, Tokyo, Japan) was performed in all patients during direct laryngoscopy. All anatomical sites of the larynx and trachea were assessed using the Dikkers scale and Derkay total site scoring system with WL and NBI. The consensus was reached as to the number of lesions seen in WL compared to NBI.
Results
During 36 microlaryngoscopies, the number of papillomas detected in the larynx (by Derkay total site score) differed significantly between white light endoscopy and NBI (Wilcoxon test p = 0.000655). In endoscopy with NBI, a mean of 1.3 more papillomas in Derkay total site score was detected in comparison to white light endoscopy NBI showed additional areas of diseased tissue in 15/36 (41.67%) patients.
Conclusions
NBI as an additional tool during microlaryngoscopy can improve the detection of papillomatous lesions.
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Introduction
Recurrent respiratory papillomatosis (RRP) is a rare (with an incidence of 4.3 per 100 000 among children and 1.8 per 100 000 among adults [1] ), benign disease caused by human papillomavirus (HPV) 6 and 11 [2] . Papillomas may spread along the entire surface of the respiratory tract, demonstrating a significant predilection for the larynx. Surgical removal remains the first-line treatment method. The goal of RRP therapy is a precise surgical removal of every single lesion. However, even despite a positive outcome of the surgery, laryngeal papillomatosis has a high rate of recurrence and currently, there is no curative treatment for the disease. Some patients may require over 100 surgeries for complete removal of papillomata [3] . Frequently recurring lesions may lead to scarring of the vocal folds. As a result, patients may suffer from lower voice quality. According to Loizu et al. 68 to 78% of adult patients suffering from RRP experience voice dysfunction [4] . The current treatment protocols for RRP include surgery, aiming removal of epithelial lesions while maintaining the underlying anatomical structure of the vocal folds [5] . Intraoperatively, it is often challenging to locate all superficial papillomata, especially in the case of a diffuse disease. Based on the experience of our department, these lesions often remain undiagnosed during microlaryngoscopy due to their small size.
Therefore, we examined the usefulness of narrow band imaging (NBI) in the intraoperative assessment of patients suffering from RRP, analyzed whether this method could help to identify additional RRP lesions during surgery and compared the positive predictive value of NBI vs. white light alone in detecting RRP.
Narrow band imaging (NBI) is a novel optical technique that selects the wavelengths of white light with two peaks around 415 and 540 nm. These wavelengths penetrate only into the superficial layer of mucosa and are absorbed by haemoglobin in capillary vessels. The technology allows identification of vascular patterns that are invisible during white light endoscopy and facilitates identification of superficial capillaries and neoangiogenesis in the abnormal mucosa. The most widely used classification to describe pre-and cancerous lesions of mucosa in NBI examination was presented by Ni et al. [6] . NBI may be also useful in patients suffering from RRP, as by enhancing the contrast between mucosal epithelium and submucosal vessels, NBI highlights pathological vessels in precancerous and cancerous lesions, along with benign lesions such as laryngeal papillomatosis [7, 8] .
Material and methods
The prospective study was carried out between April 2013 and November 2015 in a tertiary referral hospital at Poznan University of Medical Sciences, Department of Otolaryngology, Poland. The study included patients with suspected papilloma-like lesions and those who had a laryngeal papillomatosis confirmed in histology before. All patients underwent routine microlaryngoscopy under general anaesthesia. There were no exclusion criteria.
Thirty-six (36) consecutive patients, 21 (58.3%) males and 15 (41.67%) females, aged 11-78 years (mean age of 47.31) were enrolled. Two out of 36 patients declared regular tobacco smoking, 8/36 declared being occasional alcohol drinkers. None of the patients had history of malignancies in the past. Laryngeal papillomatosis was histologically confirmed in all lesions. The patients had undergone 0-119 surgical procedures (mean 17.81) before inclusion in the study. Rigid endoscopic examination with white light (WL) and NBI (CV-260SL processor and CLV-260SL light source, Olympus Optical Co. Ltd, Tokyo, Japan) was performed in all patients during direct laryngoscopy. At first, all anatomical sites of the larynx and trachea were endoscopically visualized with white light and assessed using the Dikkers scale [9] . Afterwards, the anatomic borders of RRP-as were assessed using the modified Derkay staging system and examined with WL and NBI, Figs 1 and 2. In the presented study, only the total site score of Derkay severity scale was used to assess the enrolled patients [10] . Endoscopic evaluation was performed by two experienced head and neck surgeons (JJ, HK). Each part of the larynx (epiglottis, lingual surface, laryngeal surface, aryepiglottic folds, false vocal folds, true vocal folds, arytenoids, anterior commissure, posterior commissure, subglottic) and trachea (upper onethird, middle one-third, lower one-third, bronchi: right, left, tracheotomy) were assessed for the presence of: 1: surface lesion, 2: raised lesion, or 3: bulky lesion. At the end of the endoscopic examination with white light and NBI, accuracy in detecting laryngeal papillomatosis using the modified Derkay scale was compared. According to the current literature, RRP in NBI can be characteristically detected as regular multiple papillae with vessels along the central standards. The study protocol was approved by Bioethics Committee of Poznan University of Medical Sciences.
Statistical analysis
The Wilcoxon test was conducted to compare the results obtained with WL and NBI. The chisquared test was used to test the difference in number of papillomas according to the Derkey total site scoring system with NBI versus WL. Correlation between age, number of procedures and Derkay total site score in endoscopy with WL and NBI was analyzed using the KruskalWallis test. All tests were conducted at the significance level of 0.05. All of the analyses were performed using Statistica version 12.0 (StatSoft Polska) and Excel 2007 (Microsoft Corp.).
Results
The Derkay total site score of papillomas detected in the larynx differed significantly between endoscopy with WL and NBI (Wilcoxon test, p = 0.000655). In endoscopy with NBI, a 1.3 point increase in Derkay total site score was detected compared to WL endoscopy ( There was a statistically significant correlation between the Dikkers score and additional lesions detected with NBI (Chi2, p = 0.00069). Additional papillomas were visualized in NBI in 11/14 (78.57%) patients with sessile lesions (unifocal or multifocal) scoring 1 on the Dikkers scale. No additional papillomas were detected in NBI among patients with exophytic papillomas scoring 2 on the Dikkers scale, however in 4/14 (28.57%) patients with exophytic papillomas scoring 3 on the Dikkers scale there were additional lesions found in NBI.
There was no significant correlation between age, number of procedures and Derkay total site score in endoscopy with white light and NBI (Kruskal-Wallis test, p >0.05).
There was also no statistically significant correlation between age and assessment of lesions using the Dikkers scale (Kruskal-Wallis test, p = 0.9600).
The analysis confirmed that there is no statistically significant correlation between gender and assessment of lesions using the Dikkers scale (Chi2, p = 0.28680). Recurrence of papillomas was observed in 1/36 patients within 12 months after the operation.
Discussion
In the presented paper, we focused on the intraoperative use of narrow-band imaging (NBI) in patients suffering from RRP. NBI has been characterized by high sensitivity, specificity, negative predictive value and positive predictive value in the detection of precancerous and cancerous lesions of head and neck region in several studies [12, 13, 14] . However, there have been no previous reports of the intraoperative use of NBI in a significant group of RRP patients. Therefore, we decided to summarize and systematize the comparison of these two techniques-NBI and white light endoscopy, in the assessment of papilloma lesions.
The first study showing increased sensitivity of NBI in the detection of RRP lesions compared with conventional WL alone was presented by Tjon Pian et al. [15] . Authors demonstrated that the sensitivity and specificity of WL with accompanying NBI were 97% and 28%, respectively. Nearly seventy-seven percent (77%) of lesions suspected of LP and biopsied under NBI were proven to be accurately diagnosed according to pathology results. They confirmed that NBI is a useful diagnostic method of recurrent respiratory papillomatosis [15] .
Ochsner and Klein reported the use of NBI in the treatment of laryngeal papillomatosis in awake patients. They concluded that NBI improved the ability to visualize diseased tissue in 90.0% of patients and showed additional areas of diseased tissue in 46.7%. The most interesting observation was the role of NBI in determining the borderline between papillomas and healthy tissue. NBI defined the borders of disease more clearly in as much as 76.7% of all patients [16] .
The authors suggest that the use of flexible endoscopy with NBI before surgery may limit the number of surgical procedures. According to their opinion, NBI has a value in treating patients with RRP in the outpatient setting, which may lead to improved outcomes and thus, reduce the economic costs of treatment. Imaizumi et al. proved that NBI's assistance in identifying the lesion borders facilitated a more effective papilloma removal using CO2 laser ablation or microdebrider excision [17] . According to our results, NBI endoscopy was highly useful in visualizing superficial papillomas as well as lesions located in the false vocal folds and laryngeal ventricle. Although we consider NBI to be easy to use (one button to switch between WL and NBI), we have also realized that NBI has some limitations. First of all, the learning curve for recognizing and differentiating lesions is a long-lasting process. The longer the method is used to visualize epithelial vessels, the easier it is to recognize the characteristic pattern of vessels corresponding to papillomas [11, 14] . Secondly, the light wavelength used in NBI is captured by haemoglobin, therefore even minor bleeding makes it impossible to accurately assess the larynx epithelium. In our opinion, a good co-operation with the anesthesiologist, gentle intubation under eye control and a narrow lumen of endotracheal tube are crucial in order to prevent epithelial damage during intubation, which makes it impossible to use NBI. We admit that our study has a number of limitations, including conducting it in one institution as well as having a small sample size and heterogeneity of the presented group (children and adults). Our research reveals that the use of NBI facilitates distinguishing between papillomas and healthy tissue. However, we must remember that there are a few limitations to this method, such as lack of objective evaluation and lack of efficacy in case of bleeding. In our opinion, a long-term study using NBI during the treatment and postoperative follow-up of patients with laryngeal papillomatosis are necessary to prove its true benefit in preventing RRP recurrence. Nevertheless, our study suggests that NBI technology has a significant value in treating patients with RRP.
Conclusions
In our opinion, the most important aspect of treatment of RRP is visualizing even very small laryngeal papillomas for complete surgical removal. Using NBI as an additional tool during endoscopy improved the detection of these lesions in the current study.
